Introduction
In recent years, the demand for renewable electricity has accelerated as a consequence of state and federal policies and the growth of voluntary green power purchase markets, along with the generally improving economics of renewable energy development. The National Renewable Energy Laboratory (NREL) 1 estimates that U.S. green power sales totaled 8.5 million MWh in 2005 and approximately 12 million MWh in 2006. The 2006 figure represents a three-fold increase from just three years earlier. 2 The U.S. Environmental Protection Agency's (EPA) Green Power Partnership has helped spur the phenomenal growth in commercial customer purchases, from less than 400,000 MWh in annual purchase commitments in 2001 to nearly 7 million MWh in 2006, an 18-fold increase in just five years. 3 At the same time, 25 states plus the District of Columbia have enacted renewable portfolio standards (RPS) requirements ranging from 2% to 30% of total electricity supply, to be achieved over the next five to 15 years. However, U.S. non-hydro renewable electricity generation provided only about 2.3% of the total U.S. electricity supply in 2005. 4 And global demand for renewable energy equipment is already leading to supply shortages for wind turbines and photovoltaic modules.
The EPA's Green Power Partnership encourages organizations to purchase green power as a way to reduce the environmental impacts associated with conventional electricity use, and has issued challenges to various electricity customer market segments, including colleges, universities, and Fortune 500 companies, to increase their green power purchases. However, the success of these initiatives depends on an adequate domestic supply of renewable electricity at a reasonable cost, and it is therefore important to assess whether the renewable energy industry can meet the increasing demand for renewable electricity.
This paper reports on a preliminary examination of the supply and demand balance for renewable electricity in the United States, with a focus on renewable energy projects that meet the generally accepted definition of "new" for voluntary market purposes, i.e., projects installed on or after January 1, 1997. After estimating current supply and demand, we present projections of the supply and demand balance out to 2010 and describe a number of key market uncertainties.
Methodology

Supply-Side Analysis
The U.S. Energy Information Administration (EIA) collects and reports data on electricity generation from renewable energy sources. 5 For 2005, the EIA estimates that non-hydro renewable energy sources supplied 94,932 thousand megawatt-hours (MWh) of electricity. 6 However, for the purposes of this analysis, we are primarily interested in supply from "new" renewable energy generating projects, which are generally defined as projects that came online on or after January 1, 1997. In order to derive estimates of "new" renewable electricity availability, we used a combination of EIA and EPA data sources. The EIA collects and reports data on U.S. electric generating plants using a number of different data reporting forms. 9 Using the EIA data, the EPA has designed the Emissions & Generation Resource Integrated Database (eGRID) to be a comprehensive inventory of environmental attributes of electric power systems. 10 In reviewing these government databases, we found that eGRID was the most comprehensive and organized data source for our purposes. However, eGRID data is only current through 2004, so it was necessary to supplement eGRID using EIA data collected for 2005, 2006, and 2007 (preliminary) . Table 1 lists the renewable energy fuel types covered in both the EIA and EPA databases. The inclusion of hydropower and municipal solid waste (MSW) raises a number of issues for this analysis because these sources are not often included in "green power" definitions, although they may be acceptable for RPS compliance in some states. Early market definitions distinguished between small hydro (≤30MW of nameplate capacity) and large hydro (>30MW). More recently, the green power industry has differentiated hydropower plants by their environmental impacts, such as "low-impact" hydropower. 11 For the purposes of this analysis, we have only included hydropower generation from plants below the 30 MW capacity threshold. As for MSW, the federal data show only 8.5 MW of new capacity additions from 1997 to 2004, thus its inclusion does not significantly affect the overall results. Another issue arises because EIA is not comprehensive in reporting the generation output of the renewable energy plants. To address this issue, we calculated weighted average capacity factors for the plants for which generation was reported. We then applied these capacity factors to the remaining plants to estimate total generation for each renewable energy fuel type. Table 2 presents total "new" U.S. renewable energy capacity and generation for 2004 based on this methodology. Table 3 compares our calculations of "new" capacity and generation with total renewable energy capacity ("existing" and "new") reported by EIA for 2004. The next step in our calculations was to add estimated capacity additions and generation for 2005, 2006, and 2007. We did this by using EIA-collected data on both actual and projected renewable energy capacity additions for these years, 13 and again applying weighted average capacity factors to estimate the total generation for each renewable energy fuel type. 14 Our final task for the supply-side analysis is to project potential renewable electricity supply to 2010. It is evident from Table 4 that wind energy represents a majority of the "new" renewable electricity supply. While increased deployment activity is occurring across all renewable electric technologies, over the next three years we expect that wind energy will continue to dominate new renewables capacity additions. Thus, for first-order projection purposes, we focus on the design of two different scenarios for wind capacity additions while assuming again for simplicity that deployment of the other renewable energy technologies occurs at their respective recent historical rates. That is, for each technology a separate growth rate is used. In this respect, our projections most likely underestimate the contribution from other renewable energy sources. Table 5 presents the resulting renewable electricity supply for these two scenarios. 15 This analysis does not account for incremental capacity additions-such as re-powering-to plants built on or after January 1, 1997, which may in some cases be considered "new" generating capacity. 16 We assume that voluntary market demand will grow at an average annual rate of 35% from 2007 through 2010. Under this assumption, voluntary market demand will grow to nearly 40 million MWh in 2010 (see Table 7 ). 
Compliance (RPS) Markets
The Union of Concerned Scientists (UCS) documents individual state RPS policies and estimates the amount of renewable electricity necessary to fully comply with each state policy. 17 UCS calculates the total renewable electricity requirements categorized as "existing" and "new" renewable electricity supplies. Again, for this analysis we are only interested in the demand for "new" renewable energy sources. The Supply and Demand Balance
Figure 1 compares our demand estimate for "new" renewable electricity from voluntary and compliance (RPS) markets with our two renewable electricity supply scenarios for the period 2004 through 2010. Voluntary market demand is currently, and is expected to remain, below both existing and projected renewable electricity supply. However, when combined with RPS requirements, total demand from these two markets already today slightly exceeds the available supply of "new" renewable electricity and the gap becomes more pronounced through 2010 as state RPS requirements ramp up. However, under the more optimistic growth path for new wind energy capacity additions, the gap narrows considerably. In 2010, the projected shortfall is 28 million MWh under the base case scenario and 8 million MWh under the high wind scenario. 
Implications
The implications of our analysis are clear: nationally, there is a need to accelerate renewable energy deployment from all sources to meet the burgeoning demand from both compliance and voluntary markets. While this analysis suggests a near-term deficit in renewable electricity supplies, our results do not necessarily portend a long-term shortage as it is likely that, with continuing federal and state support, the renewable energy industry can greatly ramp up deployment and production over the medium and long term.
Finally, below we describe a number of factors that could possibly alter the magnitude of the near-term renewable electricity shortage that we have identified.
Growth in Voluntary Markets
Recent growth in voluntary market purchases has depended on an adequate supply of renewable electricity at a reasonable price. If renewable electricity shortages develop, it is likely that renewable electricity prices will rise. Higher prices would dampen voluntary demand and RPS demand might even outbid some existing voluntary demand as state non-compliance penalties and alternative compliance payment levels set the market price. Under such a scenario, voluntary market demand would go unmet. Other factors that could affect growth in voluntary markets are competition from energy efficiency certificates and demand for carbon offsets. In addition, demand for voluntary market RECs could decline if carbon regulations are adopted that prevent green power purchases from affecting GHG emission levels and thus limit claims that can be made by marketers and purchasers.
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RPS Compliance
It is possible that some states will not achieve full compliance with their RPS requirements, thus reducing overall renewable electricity demand. This situation could be exacerbated by state restrictions on renewable resource eligibility. 19 On the other hand, as state RPS compliance levels ramp up, excess supplies of renewable energy credits in RPS states, which are currently available for voluntary purchases, could disappear.
Banking or Holding RECs
If a significant number of electric utilities and other electricity suppliers choose to bank RECs for future RPS compliance, excess supplies may not be available for voluntary markets. Furthermore, if generators choose to hold RECs in anticipation of future regulation, this would also reduce total supply.
Regional Factors
Regional differences may result in greater availability of supply for the voluntary market than suggested by the aggregate national picture. For example, some states, such as Texas, may have renewable energy generation in excess of that needed to meet RPS requirements, while others may experience shortages. Any excess generation that is not eligible to be used for RPS compliance would be available to meet voluntary market demand. Such state or region-specific analyses are outside the scope of this paper, but should be conducted in the future.
Passage of Additional State RPS Policies and/or a Federal RPS
Currently, 25 states and the District of Columbia have RPS policies. If additional states pass RPS laws or expand existing renewable energy targets, or if a federal RPS is enacted, the undersupply situation would be exacerbated. However, additional policies would not be expected to have a measurable impact until after 2010.
Pending Expiration of Federal Renewable Energy Tax Credits
Currently, renewable energy development relies on a number of federal tax incentives which are scheduled to expire at the end of 2008. If these federal incentives are not extended, particularly the production tax credit (PTC), it is unlikely that we will achieve the level of supply additions assumed here. In fact, the longer the extension decision is delayed, the greater the uncertainty (and risk) that renewable energy developers face in moving ahead with new projects. This situation, in and of itself, is likely to cause some delay in new capacity additions.
Supply Contribution from Wind and Non-Wind Renewables
Our supply-side renewables analysis focuses on the prospects for new wind energy development. There is significant uncertainty in the amount of wind energy capacity that will be added in the coming years. If wind energy capacity additions substantially exceed our base case estimates, this does cause a significant upward movement of the renewable electricity supply curve. In addition, our analysis assumes that supply additions from other renewable energy sources will only increase at recent average rates. However, a number of new projects have been announced that could result in a greater future contribution from these sources. For example, California utilities have contracted for more than 1,000 MW of new solar energy generation capacity to be operational in 2010, and development activity in new geothermal and biomass projects is also gathering momentum. Nevertheless, by 2010, the supply impact of these potential resource additions is not likely to change our overall findings significantly.
